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THE EFFECTS OF MAGNUS MOMENT AT SUBSONIC VELOCITIES ON THE
105MM MORTAR PROJECTILE T-55

ABSTRACT

An analysis of the performance of the 105mm mortar shell T-55 with
T10E5 fins, at subsonic velocities, 1s presented and discussed. Emphasis
is focused on the effect of Magnus moment. This shell, representative
of one type of fin stabilized projectile, has an eight-bladed fin assembly
with a span of one caliber, and has a low-drag, streamlined body. The
performance of the T-53 is of particular interest, because little is known

about Magnus in the subsonic region. The Magnus moment derivative, CM 5
1 ' jred

varied from 2.3 at § = 13 to 4.5 at § = 27. These values are several
times larger than those experienced by spin stebilized projectiles. It
was found that the static moment derivative, C. , was also a function of

spin,

My
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I. TABLE OF SYMBOLS

Slope of the curve in figure 4 (per radian squared)

Slope of the curve in figure 7 (per radian squared)

Drag force
as

Zero yaw drag derivative (per radian squared)

I1ft force
qSa

Static moment
gS L&

Damping moment
(g
st 175
Magnus moment

qS e §$£%(1

Missile diameter (inches)

Axial moment of inertia (1bs. - ing)
Transverse moment of inertia (1bs. - ing)
Magnitude of slow arm (radians)

Magnitude of fast arm (radians)

Reference length, £ = d (inches)

1/2 pv2

n dg/h
Velocity of missile (feet per second)
Weight of missile (1lbs.)

Angle of attack (degrees)




I. TABLE OF SYMBOLS (continued)

Kia + Kézi(mean squared yaw) (radians squared)

K2+}%2+K12¢;‘X22¢z:
. g, - 9,

(radians squared)

Kiz + 2 Kéz (radians squared)

Damping rates (1/foot)

Air density (1lbs. per cubic foot)
Spin (degrees per foot)

Turning rate of slow arm (degrees per foot)

Turning rate of fast arm (degrees per foot)




II. INTRODUCTION

It has become fairly standard practice to launch fin stabilized
ammunition with a small amount of spin so as to average out the effects
of fin misalignment caused either by machining inaccuracies or during
1aunch,l Spin, however, produces a Magnus torque which could lead to
dynamic instability. While this Magnus problem has been known to exist,
1t had generally been thought to be a problem only when the spins were

much larger than were employed in practice.

Limited Magnus data have been obtained on severel fin stabilized

- models, both spiked-nosed and streamlined, particularly at supersonic
velocities. In some cases, the spin has caused dynamic inétability at
spins as low as that of resonance.2 Hence, the effects of spin on this
type of shell uust be considered an important factor in the design of a
model so that stable flight cen be assured.

The main purpose of this report is toApresent additional Magnus
information pertaining to one of the several types of fin stabilized
projectiles. The projectile selected for this test was the 105mm mortar
shell T-53. This shell has a fin span of one caliber and a streamlined,
low drag body. The rounds were fired for a mid-range velocity of 900
ft/sec. - & region in which very little is known about Magnus effects.

Eleven rounds were fired through the Transonic Range3 of the
Ballistic Research Laboratories. Three guns were used in which spins of
13, 22 and 27 degrees per foot were obtained. Unfortunately, only drag
and static moment data were oBtained at the 22 level. A drawing of the
T-53 and some of its physical properties are given in Figure l, and a
photograph of the‘shell in flight in Figure 2. Standard drag, yaw and
swerve reductions4 were performed; the results are given in the Table of
Aerodynamic Data and in Figures 3 through 8.
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ITI. RESULTS

The normal drag, yaw and swerve reductions yield considerably more
than merely Magnus data. This additional information is also presented
in this section mainly to supplement the data reported on in Reference 5.

l. Drag Force Coefficient

The drag force coefficient, CD > 1ls-plotted in Figure 3 versus
'mean squared yaw, 62 . It is assumed that the Mach number effect on CD
is négligible. For some unexplained reason the data polnts appear to
meke up two distinct curves. One curve 1is sbout 5.5% lower than the other.
Since each curve contalns drag values obtained from rounds of different
spin, spin is not considered a variable. No evidence which would logically
explain the discrepancy in drag could be observed in the shadowgraphs of
the shell in flight. This may mean that, because of the velocity of the
projectile and the texture of the bnotograpihis, any flow phenomenon which
could cause the discrepancy was not observeble (note Figure 2). Another
possible explanation is thet “he rounds may have come f{rom separate lots
and hence, may have had some slight menufacturing differences. Again,
there 1s no evidence to Dback this up. The zero yaw drag derivative,

CD o in each case is about 9 per radian squared.
o}

2. Righting Moment Derivative

The righting moment derivative, CM , 1s plotted versus the
A
a
effective squared yaw in Figure L. Agein, no Mach number correction wasa

made, but obviously there is & varlation with spin. Assuming that the

moment derivative variation with yaw is of the form Cy = (CM ) e
e a o
2
+8,8 ", (CM ) can be plotted as a function of spin (Figure 5).

a o
By using Figures 4 and 5, one can easily determine the static
moment derivative for any reasonable spin and yaw.

data point, at 62 = .00027, appears to be

One high spin C A

Y

conslderably higher than the curve drawn for that group. No reason can
be gilven to explain this large discrepancy.

10




3. Damping Moment Derlvatilves

The damping moment derlvatives, C +C , are given in the

M M.
q a
Teble. C + C are evaluated from a combination of both arms and

M M.
q [0
hence, their accuracy depends upon how well the damping of the fast and
slow rates are determined. Cy * Cy, » within its scatter, appears to
q o7
be fairly constant at about 55.

L, 1ift Force Derivative

The 1lift force derivative, C , appears to be falrly constant

L
o

at about 3.0.

5. Magnus Moment Derivative

Perhaps the greatest effect of spin can be observed in the damping
of the slow arm. It should be pointed out that when a Magnus torque is
present it will adversely affect one of the damping rates and cause the
other rate to damp faster than'if no spin were present. As a result, one
of the arms, In this case the slow arm, will have & much better deter-

mination than the other. This rate 1s plotted versus Se & in Figure 6.
1
It can be observed from these curves that the damping of the slow rate

varies with both yaw and spin. This curve elso indicates that to insure
dynamiec stabllity spins no greater than 18 deg/ft should be employed.

The Magnus moment derivative, C > 18 plotted versus 8e2 in

Figure T. Assuming that the CM

2 a
Cy = (CM )+ b, Se , (CM ) can be plotted versus the spin as

X @ o px o
shown in Figure 8. There seems to be @& definite correlation with spin.

variation with yew is of the form

A value of about 2.3 was obtalned for the low spin group and about 4.5
for the high spin group.

© values of the size obtalned in this test are several times

Moo




larger than those experienced by spin stebilized projJectiles. While
this is not necessarily disastrous by itself, it does limit the amount
of spin that can be safely employed for shell of this general type.

e

MAYNARD PIDDINGTON
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